Abstract
aimed to determine whether protein kinase A (PKA) regulates neuronal ACh release and related 28 nerve-evoked detrusor smooth muscle (DSM) contractions in the guinea pig urinary bladder. This study revealed that PKA-mediated signaling pathways differentially regulate nerve-
Introduction

47
The storage and release of urine are subjected to a complex control by autonomic and 48 somatic motor neurons that innervate the bladder and urethra (3, 4) . To facilitate detrusor smooth 49 muscle (DSM) phasic contractions and bladder voiding, the postganglionic parasympathetic 50 nerves release acetylcholine (ACh) and ATP, which activate DSM muscarinic acetylcholine 51 receptors (mAChRs) and purinergic receptors, respectively (2, 7). ACh is the primary excitatory 52 neurotransmitter for nerve-evoked voiding contractions of human DSM (10, 20) . 53 The neuronal release of ACh is regulated by both protein kinase A (PKA) and protein 54 kinase C (26). Particularly, the phosphorylation of certain synaptic vesicle proteins by 55 endogenous neuronal PKA is key for exocytosis in the basal state and such phosphorylation is 56 required for neurotransmitter release (15). More specifically, the phosphorylation of the vesicle 57 protein, synapsin, by PKA is required for the ACh release from presynaptic neurons (9). In 58 various tissues, the activation or inhibition of PKA can increase or decrease neuronal ACh 59 release, respectively (11, 18, 23, 24) .
60
While it is well-established that ACh released from parasympathetic nerves in the bladder 61 initiates voiding contractions (2), the function of PKA in bladder nerves has not been well 62 studied. A previous study suggests that PKA activity might be involved in idiopathic detrusor 63 instability associated with a reduction in the neuronal density (29 Nerve-evoked contractions were induced by EFS using a pair of platinum electrodes 96 mounted in the tissue baths parallel to the DSM strips. The EFS pulses were generated using a (Fig. 4) . When mAChRs were blocked, the 187 inhibition of PKA with H-89 increased the purinergic receptor-mediated DSM contractions 188 induced by EFS (Fig. 4) (Figs. 3-4) . In conclusion, the current study revealed a novel mechanism regulating synaptic release 294 of ACh by neuronal PKA in the urinary bladder. Specifically, the study revealed that the 295 inhibition of localized presynaptic PKA effectively attenuate ACh release in the bladder. 
